M OTION affects the study of all living patients and, since 1896, has been of special concern to those dealing with x-rays. Economically, its importance is obvious. Undesired patient-movement during radiographic exposures impairs detail and, thereby, necessitates repeat examinations if mistakes are to be avoided and maximum diagnostic yield obtained.* More fundamental ways in which motion plays a role are illustrated by three overlapping, radiologic approaches to the study of the heart. The chest film by a single exposure minimizes (but does not "stop") motion. Angiocardiography, through serial radiographs, though not directly studying motion, makes use of its effects. Cinefluorographic angiocardiography constitutes a primarily dynamic approach, the study of motion itself being dominant.
In the ensuing discussion, various direct radiographic technics for angiocardiography will be contrasted as to their usefulness and limitations. Following this, an attempt will be made to define a practical basis for clinical angiocardiography in terms of frequency and duration of x-ray exposures. It is believed that This study was aided byr the Machlett Laboratories, Inc. and the Mallinckrodt Chemical Works.
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* Painridden patients, frightened children, and inferiorly-trained technicians all contribute to the costly total of re-examinations necessitated by movement during exposure. At the University of Oregon Medical School, about 0.5 per cent of the film exposed is so wasted. It is estimated that undesired motion costs U. S. radiologists as much as $250,000 a year. 1034 considerable confusion exists in this matter and that a logical approach is desirable. A relevant technical development will be described which allows radiographic exposures of unusually short duration.
Exposure Rates for Conventional Serial Angiocardiography Clinical angiocardiography is usually accomplished by direct serial radiography following the injection and many different devices exist which provide the necessary rapid film-shifting.' Controversy exists, concerning the number of exposures per second desirable for angiocardiography. The optimal rate can be assumed to be some place between advocated extremes of 1 and 12 per second. If new and better equipment is to become available, more precise specifications are needed. Advice given to the manufacturers should be carefully considered. The enthusiastic desire, to incorporate many extra, nonessential features in a new piece of equipment, can result in failure from the point of view of design, manufacture, sales, operation, maintenance and cost. Money and engineering spent in development and fabrication of useless refinements could far better be directed elsewhere. Thus it is advisable to explore in a logical manner certain factors bearing upon exposure rates for angiocardiography.
These factors are:
(1) The period of study should be that of the transit period of the bolus of contrast agent. For practical purposes, in the absence of heart failure, this amounts to the 10 seconds following the injection. Films made thereafter will be worthless.
(2) The exposure rate determines to a variableDOTTER tion and, to an even more serious degree, the magnitude of equipment-design problems and costs. Thus, the optimal rate (and similarly the film size) is the minimum needed to produce the desired clinical result.
(3) Adequate detail should be achieved through short exposures rather than the "hit or miss" technic of making many films in hope that one of these will be made during a period of immobility and will, therefore, be adequate. This point will be more fully discussed subsequently. To repeat, the search for detail should not influence the exposure rate. This report is being written in support of a more efficient, alternative approach.t A moderately odious analogy may be appropriate: To shoot a rabbit, the wise hunter, by choice, and the impoverished one, by necessity, are prone to accomplish their objective through a single, well-aimed, rifle bullet. An equally lethal alternative might be to fire a submachine gun in the general direction of the rabbit at an explosion rate of 12 per second. The rapid rate involves a greater expenditure of ammunition, a more expensive gun, increased "wear and tear" on hunter, quarry, and countryside as well as much more noise. The essential feature of the more economic method lies in the aim. It is here contended that adequate radiographic detail represents the "aim" of the above analogy.
The unusual success of Swedish workers in superior vena cava and right atrium. Clarification of the border between blood and contrast substance was sharp, allowing a fairly precise definition of the extent of the bolus. Demonstration of the leaflets of the tricuspid valve was unmistakable. Though during these preliminary tests but one exposure could be made following a given injection, more information was gained about the right side of the heart and its tributaries than would probably have been obtained from the first four exposures of a conventional twN-o-films-per-seconid serial study.
Thus, the added detail achieved through short exposure duration reduces the need for high exposure frequencies and simplifies the problem of equipment design accordingly. It is probable that through short exposures, the volume of angiocardiographic injection can be reduced, thus increasing the safety of angiocardiography (while at the same time its diagnostic potential is enhanced).
A switch-tube has been installed in one of the regular radiographic rooms of the Depart- Medical School. Installation caused few problems; routine use of the room is still possible since the tube itself is housed in a fairly small box and placed in the diagnostic room while the control box, even smaller in size, is placed as desired. Details of installation will vary according to the design of the equipment being modified. Basically, an important objective is realized in that the switch-tube timer-contactor is readily adapted to ordinary diagnostic apparatus and does not preclude the use of a more conventional timer. Since there is reason to believe that the life expectancy of the tube will be good and the production cost need not be prohibitively high, the switch-tube should not be relegated to the limbo of "for research only."
Short exposure technics represent a logical step in the progress of diagnostic radiology. As high kilovoltage through "wide latitude" technics can decrease film wastage due to improper quantitation of exposures, so can "short shot" technics minimize the effect of unwanted motion during radiography. Since at 120 kilovolt peak (KVP) an adequate chest film of the average adult requires less than 1 milliampere-second, ordinary high voltage diagnostic tubes and generators will suffice. It is FIG. 7 . A non watery opaque substance. When safe particulate agents (not necessarily solid but capable of producing punctate areas of radiopacity) are achieved, there will result a tremendous expansion of the applications of angiocardiography to the fundamental and clinical investigation of the cardiovascular system. Very short, precisely timed x-ray exposures will be essential.
predicted that short-duration exposures will expand the potentialities of angiocardiography to a considerable extent. The definitive diagnosis of septal defects with left-to-right blood-shunting may eventually fall to the radiologist rather than to those employing cardiac catheterization. Its applications in the study of 
